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ABSTRACT 

Out of the tradition of oehavior analysis has come a 
system of behavioral measurement which is i3oth sufficiently exact and 
sufficiently general to be used effectively in meeting the problems 
of educational accountability. The Standard Behavior Chart is a 
measurement tool that meets the specifications of frequency, 
celeration, sensitivity (in order to measure changes in the behavior 
of an individual child and all the behaviors of which individuals or 
groups are capable) , and standardization (to permit direct comparison 
among the variables differentiating a number of situations, Four 
measures — frequency , accuracy, celeration and improvement index (a 
combination of accuracy and celeration) — are easily obtained from 
this chart and provide direct measures of botn the quantity and 
quality of behavior and behavior chauge. The Standard Behavior Chart 
is most effective when it is made an integral part of the teaching 
process; teachers and students should be trained in its use so that 
it can aid in individualized evaluation, decision-making and 
planning* A high speed computer can be used in collating and 
analyzing the masses of data resulting from the use of the chart by 
teachers and students. Measures of benefit and efficiency can be 
obtained through analysis of the data. The Learning Abilities 
Development Program ia North Carolina, which sought to screen first 
graders for potential learning deficiencies and give individualized 
service to each one targeted, utilized the Standard Behavior chart 
successfully. (KM) 
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*i is nci.'-'b?cor;ng '.,:i-;cr that: :=l:rippG-; to irr. 'jssentials , the task of 
e-Jn-jtiun is tc brv.>c; about cr,ar,.je-> in human h-iMdvior i.-. the dirtcticn cf 
f»;:pr-;v'jii!£.nt. 'r fol'ei.'S thsr. evQ]Li2tiori of any riducal-iona ] procrcm nr pntt-r- 
priso ::ji:st necjiossrily 'nvolve sonie fonr, of .r.ercur-^-.i&ii: of byh?.vic-^ .^nd L'?;'-:-.'- 
icr d'aii^a. In a vciy rsoi s,er,^E-, the diff icuHies wr-ic;! the (aiucpAicn^.i 
co!i;n;unity has experienc-sd in co-ing to r.nrs v/ith the cjucsticr:'-. of cost 
efficiep-:y, cost effi:cri"pnesr>, and proble.iis of acccu'-.iaM lity In qsnercl 
?.re tracesblG to its difficulty in defidinci and agreclr.g upon si'itciHli:; units 
and procedures of behovioral nioasurciiidnt. 

Out of the tradition cf behavior analysis, hcwevor, comes a systcn of 
behavior^*! mi-fisureirient which is both sufficiently exact r.nd sufficiently gcn-.irul 
to pernjit its effective Ltillzation in .Tieetino the prohler's of edijcatinnal 
acccuntribility. Our purpose in the prcs'r.it cf.itpter v/ill bo two-fol.1; firjt, ve 
will briefly exa-riine the history and describe the major cnpn^cncnt.n of this 
Ri-aasurr^'n-int synem as it pycienfiy exist::, second^ wo will illustratf; the 
applicability this :;ystfcrn !<y con;= id-Tine its use in the evaluation of f. 
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2. 

progran aii^ocJ at the early identi ■ricr'.licn and rci!^cdic-ti'jn of t'-':- acc-ido,:iic 
probl.?ri!S of children possessing iiiFurfidently covclo;v/d locvninq .ibi'lUies. 

***** 

AiTiong the many contributions made by B. F. Skinner to the experimental 
analysis of behavior, perhaps none is more sio-iificani; Ihan his e^rly (1938) 
and repeated (e.g., 1950, 1953, 191:7} ideiicification or frpciuency (number of 
responses/unit of time) as the basic datum of the science and any subsequent 
technologips. Thus, in 1953, Skinner writes "When we extend an experinental, 
analysis to human affairs in general, it is a great advantage to have a con- 
ceptual system which refers to the single individual, preferably without com- 
parison with a group. The study of frequency of response appears to lead 
directly to s'jch a system. '^_Skinr!er also emphasized the importance of i¥e- 
quency as a continuous measure of behavior when he wrote, frequency of 
response provides a continuous account of many basic processes. This is in 
marked contrast to methods and techniques which merely sample a learning 
proces-s from time to time where the whole process must be inferred. The 
sample is often so widely spaced that the kinds of details v/e have seen here are 
completely overlooked." It is perhaps unnecessary to add that frequency is 
also a universal unit of behavioral measurement; all behavior, regardless of 
its topography, may be defined in terms of instances of its occurrence and these 
instances are countable. Since countable instances of a repeatable behavior 
must take place in time, this second parameter, time, is also coir.!Tion to all 
behavior. Consequently, the combination of count and time into one unit— 
frequency— renders that unit universa l, with respect to its appropriateness cs 
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a unit of bGhii'.'iural i:.-<->surGnif:nt. Skinner's ciioice c-f fronij-ncy o' i'-w br.sic 
dcitu-n for the rcience of boh.nyicr was obviously a './isf-' nno. 

We have rl.-Ga'iy in(:ic5tod th.-.t behAviorril tc-rii.r:; icoic;, , par'.icJiarly fdi>c3- 
tion, are conccrnGcl prii;:-:.-! 1y with i)o,'-invior; c^^noy. If. l"<r,5, n, R, Lindslcy 
callocl attcntio:i to tho fc-ot that the first derivative of fr-'Xi'cncy with 
respect to time yields a ireasure of changa in frequc-r.cy ovpr tiiie. Apolyirg 
this notion to the mea-siirement of char.qing behavior frequencies, Lindsley 
produced a measure known as celerat icn. the units of '.■■;,ich are of the aenercl 
form; number of r-bvcments/unit of time/unit oP time. Thus, by describing 
changes in the universal behavior unit (frequency) over time, Lindsley has 
given us an equally universal measure of bahavior chance. It is perhaps not 
supris,ing that from the two most productive pioneers in the exnerimsntal 
analysis of behavior (Skinner and Linusley) have con:e the two measures 
necessary to meet the needs of evaluation end accountability in education. 

One need must be met, however, before we can apply these universal 
measures to the problems of describing behavior and behavior change within broad 
.programnatic and educational contexts. We must incorporate these conceptual 
units-- frequency and celeratior.— into a measuring tool cr instrument which, 
like the metric ruler or cumulative recorder, may be applied to the broadest 
possible class of events for which its units of measuran-.ent are appropriate. 
If it is to be useful within the context of educational measurement and eval- 
uation, this instrument must at once possess sufficient sensitivity to imned- 
iately reveal changes in the behavior of an individual child while at the 
same time being of sufficient generality tc measure— with equal sensitivity— all 
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the bch-iv'icrs of which 1ndivic'ii-:i]s or cjroi;p3 of indi viJualc rr« c^'-o^/blo. 
Finally, if sucli a tool is to ho usc>cl across any r:i,:!6-;r of situatiors, :t 
should bo st-nividrd in riaturo so as to permit direct cc-parison aMiong the 
variables which differentiate t/;o£e seyeral situations. A measurement tool 
meeting these specifications exists and is known as the Standard L'ei.avior 
Chart. 



Insert I'igure 1 about here 



Figure 1 is a reproduction of the Standard Behavior cha.-t shewing 
diagrairaiatically the ipajor types of measurement afforded iw its use. One notes 
ininediately that the ordinate of the chart is frequency, the fundamental unit 
of behavioral measursnient. • One also notes that frequencies are scaled in 
ratio or loganthmic fashion on the Standard Behavior Chart. Such a scale, 
familiar to natural scientists and engineers, is strange to many psychologists 
and educators and therefore requires some justification. 

It should immediately be apparent that the range of freqjency values afford- 
ed by this scale (1,000 per minute to 1 per 1,000 minutes) is many times 
greater than would be afforded by an interval scale of equal length and 
sensitivity. Thus, the ratio scale chosen more easily meets the needs for 
universality we require of any standard measuring device used in education. 

There are a number of other advantages to the ratio, or semi -logarithmic, 
scale which are succinctly described by Schmid: 

"The semi logarithmic chart is Uiiequaled for many 
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purposes, esp-r.-cicilly in oort.rcying prcr-ortion^l 
and pG/cdrit-.O'. r(.:';j.n1o:,:,hipi;. In con/jarison 
\nj.r. i-vj c'rii,..-vr.'cic iii.c; chnri, it posstisc's r.-st 
of the adv^ni-.aros •witiiCuL tho disadv-mir-.c&s. li.is 
typo of chart };oz only corectly reprssencs r.-'I-'tive 
cholines \vit ?.l;;o indicates .ihsoluto <in.o-ints hi Lhe' 
Siinc- tiiiiG. ...for the uniplLuted, the Unn 
"sc-m'Tugarithfiiic. '■ as v/ol I 33 tiie charr.cteristlc 
ruling of the vertical axis, Pmiy seer,' formidable; 
but actually the theor'-tical principles on which 
this diart is beied, and also its constructior 
and use arc cornparativoly shnple. Prejudice 
and general' lack of understanding unfortunatelv 
have resulted in considerable resistance to the 
use of se.iii logarithmic charts. Oanerelly, rates 
of change (celeration) are more significant 
than absolute ainounts of change in statistical 
analysis and presentation. In using the ratio 
chart, one can have confidence that relative 
changes are portrayed without distortion and un 
certainty, 
(p. 109). 

As indicated in Panel A of Figure 1, daily frequencies are recorded on 
the Standard Behavior Chart by placing a dot at the intersection of the vor- 
tical line corresponding to the appropriate calendar day and the horizontal 
line representing the frequency of the behavior observed on that day. Con- 
ventions for displaying the length of the daily recording period, as well as 
for designating days where the recording opportunity was missed or where the 
behavior in question had no chance to occur have been developed and are 
described in detail elsewhere (Pennypacker, Koenig a Lindsley, 1972). 

A property of the ratio scale which is of fundamental importance in the 
measurement of behavior and behavior change may be stated as follows: equal 
distances represent equal ratios . A valuable application of this principle 
in educational measurement may be seen in Panel B. Panel B shows that if, on a 
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particular d:.y, cU-nrt iihe frciojciKy or v.-ovo\Wcnts cc:\-yo\-r.ec\ i-ji-igcLIv ii: 
adJiticn to the frequc-ncy of i.;ove; ■ontt, por^'onM'.d incorrectly on i) (li^'cn 
academic task, the-; dlstancL' hy wnich thoss t'./o poinls are separated ^rovui^•^ 
a measure of the .ir curacy of tha day's p^rfor.naiice. T.nis arcui-acy mofisu»c 
may be expressed either as a ratio, a multiple, or a percentage. In any 
case, because of thfis equal ratio nature of the frequericy scale, it is clear 
that the distance on the chart corresponding to a niven measure of accuracy 
will be the same reasrdless of the overall frequency of the performance Heine 
measured. Thus, it is possible to compare performances of vastly different 
frequencies with respect to this measure of their accuracy; since many educa- 
tional objectives are stated in terms of either frequency, or accuracy, or 
both, the value of an instrument which simultdneous ly yields both measures 
would appear to be obvious. 

In Panel C in Figure 1, graphic representation of Lindsley's celc-ration 
measure of behavior change is illustrated. By fitting a straight line to a 
series of daily behavior frequencies, celeration may be seen to be represented 
by the slope of such a line.^ The equal ratio property of the frequency scale 
dictates that the slope of the celeration line will be a measure of the ratio 
or percentage of change taking place over a given period of time. A convenient 
time unit for assessing behavior change is one week; hence, celerations are 
usually expressed as ratios or multiples of frequency (x2 movements/minute/week, 
-j5 movements/minute/week, etc.). These values may also be converted to per- 
centages. A celeration of x2, for example, means that the behavior frequency 

^Empirical validation of the practice of fitting straight lines to the loas of 
behavior frequencies has been estr,biish;;f.! by Kcnnig, 19''?.. 
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is doubling oach week, corresponding to a lOn?' v.cckly i::-.:v'oose. 

It is psrt^cularly ii'ijortant to rK/.u? that I'lO celnrotioii n/.rsui n, like the, 
accuracy u.oasure, is inJcpc-idant of frequency. Thus, c^iial prooorticn.^ of 
chanCiC in the fieo'-'f^ncies of tv/c behavior's './ill be represented by parallel 
celeration lines possessing identical ceUration values. rCiiardless of the 
initial frequencies of either behavior* It is tfic-refore possil'le to directly 
assess and compare rates of changes in behaviors that occur with vastly dif- 
fering frequencies. As we 'shall see, this characteristic of the celeration 
RJiasure obtained from the Standard Behavior Chart is extrernely use'ful in 
the evaluation of the effectiveness of educational programs which a^o concerned 
with generating improvenient in a wide variety of different behaviors. 

Finally, the last panel of Figure 1 shows how accuracy and celeration may 
be combined to yield a composite measure known as the ini orcven-.cn t ir.dex . The 
improvement index, defined as the ratio of the celeration of correct frequencies 
to the celeration of incorrect frequencies, may be regarded as a measure of the 
change in accuracy over time. One may calculate as improvement index either by 
forming a ratio of the two celerations as just described or by plotting the 
accuracy ratios on a daily basis and fitting a celeration line to the resulting 
display. The numerical result will be identical. The improvement index is, of 
course, independent of either celeration just as celeration and accuracy are 
are independent of basic frequency. 

These four measures-'frequency, accuracy, celeration and improvement index- 
are easily obtained from the Stimdard Behavior Chart and provide us with direct 
measures of both the quantity and quality of behavior and behavior change. Thus, 



by usirg tnis one instru-.'snl, have at oi-c difpos?! a set of i'ehavioral 
measures ».''-iich are u'liversal (i.v;y be .-.pplli^d tn any kchcwior) and st«ndard 
(the units ranain tho sains regardless of ^J.G b?!iavicr being r.cnsurod) . Bsfiore 
illustrating the use of these measures in the evaluation of a particular educa- 
tional prcgram, let us briefly consider some of the general strategies for 
educational evaluation afforded by the availability of a measuring instrument 
with the characteristics of the Standard Behavior Chart. 

Strategies for Educational Evaluation 

It is widely held that effective teaching presuppose." continuous evaluat- 
tion. Since the Standard Behavior Chart utilizes both continuous and direct 
measures of behavior it is not suprising that its most effective application 
occurs when it "is made an integral part of the teaching proce'^s. Both teachers 
and children must therefore become proficient in its use §o that it may serve 
as an aid to individualized evaluation, decision making, and planning. Exper- 
ience has shown that training in classroom use of the Standard Behavior Chart 
can be both efficiently and economically accomplished on an inservice basis 
(e.g., Haughton, 1972, Pennypacker, 1973). Thus, our major strategy has been 
to introduce the evaluation process where and when it is needed most: at the 
level of Individual teacher's daily interaction with individual children. 

This strategy is at obvious variance with many traditional evaluation prac- 
tices which require independent "pre-post measurement" with instruments presumed 
sensitive to the behavior changes assumed to be taking place. Evaluation prac- 
tices of this sort are demonstrably not a part of the teaching process and are 
viewed by most, if not all, teachers as possessing scant validity, owing, as a 
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rule» to the hicjhiy nor.-roprescntative nature of tho. inrVcqu'.T.t ii.cauircj'cnt 
occasions. Giving the evaluation tool dirc-ctly to the tsachr-.s for dally use 
witli children is, th&n, an effort to maximize the. off •ct^/cr.rrss of Ih':, c^alwa- 
tion process es on int3gr<^l part of the teaching nro'jc-ss, alheit at the 
expense of that form of "objectivity ' which is thought to ba characteristic 
of infrequent, indirect measurement. 

Instructing teachers and children in the use of the Standard Behavior Chart 
also insures that the data bass for any evaluation will be orders of magnitude 
greater in quantity then that provided by virtually any other means. It is at 
this point that the universality and standard nature of the Standard Hehavior 
Chart once irare prove their incalculable worth. Because, as we have been, the 
measures derived from the Standard Behavior Chart may be used to evaluate the 
quantity and quality of all haiian behavior and human beliavicr change. It is 
both possible and convenient to enlist the aid of the high speed computer in 
collating and analyzing the masses of data which inevitably result when teachers 
and children are encouraged to use the Chart. 

The computer can easily digest and store these data to any desired level 
of sensitivity up to and including a single child's performance on a single 
page of a single arithmetic book on a specified day. In order, however, tor 
the computer to analyze such data and render composite summaries with respect 
to meaningful paraueters of an educational program, it is essential that an » 
orderly and logically hierarchial relationship exist between the goals or ' 
objectives of a program and the behaviors emitted by the children in that pro- 
gram. It is therefore essential to Involve program administrdtovs at an early 



.ERIC, 



10. 



stage in the dovelcpniont of any avaluation fcniat bcscd on chfi*'t.; of daily 
behavior frequencies. The oi't mentioned reqiiiremen,: of stating proqrani oodil? 
in behavioral tern;s nov.' becomes an obsoluto necessity since the cGi::puter hat 
no way of dcfininq or! its own v/hich chcuiying behavior frequencies are representa- 
tive of which proc'ra,T)n:ati c goals. Once a logical hierarchy relotinc) charted 
behavior changes to program goals has been established, It is easy to have 
the co>rputer provide composite sta cements, based on the daily records T,ade 
in the classroom, of the degree to v/hich the objectives have been attained. 

Summarizing the data v/ith respect to one or more of *^hfe measures of 
behavior change discussed above nay be said to yield an overall measure of 
benefit derived from the program. This sumniirization Cdn, of coUr'se, occur 
with respect to any independent parameter of the prograin or any sub-population 
of the participants in the program. Since all of the behavioral measures taken 
from the chart incorporate a time dimension, one can readily view aiiy result- 
ant behavior change in terms of the time taken to produce it and thus arrive 
at a measure of efficiency . Finally, one may add to such statements whatever 
cost figures are deemed appropriate and thereby provic'e a quantitative basis 
for statements of accountability in terms of cost benefit. We feel that a. major 
virtue of this system lies in the fact that all sucn analyses are based entire- 
ly on the directly observed and recorded behavior of the individuals served by 
whatever program is being evaluated. The same information which guides the 
teacher in her daily planning and decision making constitutes, v.'hen assembled 
across the appropriatmnits of a program, the data base for adinini strati ve 
planning and decision making at any level of responsibility. Such a system 



virtuelly insures that eduCo ^.ional clec-isio«^>G and policies oe forn'ulatcjfl 

in consultation with t!v2 ultir.iatc expjrtf:--t*tc chi M^^on thciiSol/cs (Lindsloy, 

1972). 

Let us turn now to an niustration of tliis evr/iuativc rystopi a.^ it wcs 
recently applied to an CSEA Title III Program desicined to irinrove r.he leaning 
abilities of first grade children of a county in Norlh Carolina. 

THE PRO&RAn 

The Learning Abilities Development Program (LAD) of Albemarle ind Stanly 
County, North Carolina, had two main objectives in Its initial year of opera- 
tion. . First, it sought to screen all rising first graders in the district and 
identify those for \:hom subsequent success \/ould deperid upon marked enhance- 
ment of one or iTiOre of a variety of learning abilities.^ Second, the 
program attempted to provide individualized service aimed at developing in 
each child sufficient proficiency in each of the isolated abilities to 
insure normal academic progress. This was attempted for each child selected 
by the screening process. 

The program was situated in Stanly County, North Carolina, the county 
seat of which is the city of Ablemarle. Nearly all of the 42,000 residents 
of Ablemarle and Stanly County are native North Carolinians v/ho enjoy a 

^We eschew the term learning disabilities for its obvious neaative connotations 
as well as the logical impossibility of its empirical definition. Observation 
of a child's behavior reveals only his abilities—inferring the presence of 

a disability provide<* nothinq of additional value to those whose responsibility 

Is to improve the child's behavior. 
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lower middle, closs v/cy of lifo, suppcrtLcl predoriiir>u!iLly by snuill fam agri- 
culture and i;ho textile indu:,try. Alt.,ough the locdii-.n fenrily income in tho 
area is slightly ahovn the mcdion for the state, tho r.verags annual expendi- 
ture per child in the public school systcn) ranks noDr the bolicni of all 
districts in the state of North Carolina. Thu i, ... ,u Program was launched 
in a ccinmunity whose cultural homogeneity might invito the label "pro-zincial ' 
and which is not given to displays of largesse on behalf of its educational 
institutions. 

The staff of the LAO Program cons'sied o^* a director, 3 certified resource 
teachers, 6 teacher aides, and a secretary. The resource teachers, and fre- 
quently the teacher aides as well, spent a portion of each work day in the admin- 
istrative center assembling materials, comparing orocedures and prcgrors, or 
participating in informal training sessions conducted by the Director. The 
majority of their h'me, however, was spent in the 15 elementary school scattered 
throughout the city and county. Although arrangements varied from school to 
school the teacher and her two aides typically removed target children from 
ongoing classroom activity and worked with them on an individual oasis in 
storage closets, empty classrooms, empty offices or lounges. 

The initial activity of the LAD staff involved assisting first grade 
teachers in the administration of a gross screening device to the approximately 
720 first graders in the district. The instrument used in the initial screening 
required the teacher to evaluate each child on a five point scale in each of 9 
areas: reasoning ability, speed of learning, ability to deal with abstract 
ideas, perceptual discrimination, psychomotor abilities, verbal comprehension. 
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verbal Expression, mmtner and spice riildt.ions, and creoti vi r.y. 

One hcndred ond j.icjiity cliildron wore initiany solc-ci.ed in the proprain on 
. . t >is of loM evaluation in one or n:ore of theso 9 areas. I'ccfi child 
selected was then further evaluated by a member of the LAD staff using the 
Remedial Di agnostic Form developed by Robert A. Farrald (l?"/]). A total of 
90 children \/ere again selected as- positive and were targeted for individu^ili- 
zed assistance by the LAD staff. Of these, a total of 18 had only brief contact 
of a referral nature with the progron, leaving 62 whose charted behavior formed 
the basis of our evaluation. 

Early in the year, the Director conducted extensive staff training in the 
area of remediation of learning abiliities; the orientation of this training 
and the basic materials and techniques used may be found in the works of 
Ferrald (1971) and Valett (1967). In addition, the first author and his staff 
conducted inservice training, marked by periodic follow-ups, in both the use 
of the Standard Behavior Chart and the tactics of precisely defining and 
recording appropriate target behaviors. 

The professional staff then b^gan, on an itinerant basis, the task of 
individually assisting each selected child in the enhancement of one or more 
of the learning abilities judged insufficient by the two screening devices. 
Specialized currlcular materials were either developed or purchased for use 
with each child. The list of such materials is too extensive to be catalogued 
here; it ranged, however, from the Peabcdy Language Kit and Frostig materials 
to teacher-made card games, sandpaper letters, and macaroni stringing devices. 

As soon as the child and the member of the LAD staff became acquainted, an 
effort was made to determine which behcn'ior(s) was responsible for the judged 
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insufficiency, for example, if the scroonimj U3ti!.", .n-. -.n-'itctc-J (Ll- prcscK.e 
of arrested gross motor dovt.'lop:;:&nt, tho \.cji.hcv brn-n rt.rorcliiifi stcs 

taken on a 10-foot balance beam. In th& event tirls hr!\..vioi- -',^.;ocl a m^-^d for 
improvonent, a variety of behavioral techniques such i.i shdpinci end fading 
were introduced, with the results -ecordad daily on th-^ behavior chart. 
Simiclcer-t-aetics v/ere used to enhance behaviors undorlying academic abilities; 
for example, in order to enhance visual form discrimination, various symbol 
naming, letter naming, and matchi ng-to-sample tasks v/ould be tried and the results 
charted. Together, the teacher and child would view the proorcss displayed on 
the chart; in the event that improvement was not evident, new procedures would 
be tried until one w.s eventually found which produced success. 

THE EVALUATION 

A total q.f .337. charts resulted from the contact made by the LAD staff i/it.h 
the 62 children served directly during the first year. Each chart was a record 
of one child's performance of one particular behavior; e.g., "says alphabet letter 
correctly ^Identifies missing object incorrectly" etc. In the appropriate 
blanks at the bottom of the chart (see Figure 1) were recorded the name and 
identifying numbers of the child, the resource teacher and/or teacher aide work- 
ing with the child and the schooT attended. In the blank marked Label was put 
a number signifying which of the 53 possible 'learning abilities (Valett, 1967) 
the particular recorded behavior was judged to represent. 

Vertical lines were drawn on each chart to identify points in time at which 
major curriculum or procedural changes were introduced, as well as at the begin- 
ning and end of each project. Thus, any adjacent pair of these so-called 
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P-(I31Q.J_ijics marks the tenporv:.! boundaries of the phases of & oroject, cscli phase 
corresponding to the period of fipplicctticn of a d^istinct sot of Piat''i'ictlE or pro 
cedures. For each ph;.ce, the LAD toachers roporiuJ Iha number of contact nrino'tc 
that had occurred during that phase. Coleration lines were fit, cither freehand 
or by the method of least squares, to the frequencies piotied within each 
phase and the resulting numerical celeration value Wus entered on the chart. 
When all the cliarts- had been prepared in this fashion, they were transferred 
to the Behavior Research Con^any for coding, coiftputer storage, and analysis. 



A macroscopic view of the temporal dimension of the service provided by 
the LAD Program is furnished by considering calendar weeks of involvement in 
the program on the part of the children served. A total of 2,058 child- project- 
weeks of service was provided during this first year; on the average, each 
child participated in 5.4 projects each of which lasted an average of 6.1 calen- 
dar weeks. 

A total of 172 different behaviors v/ere recorded in accumulating the total 
of 337 charts. This data testifies to the wide variety of observable behaviors 
which may be indicative of insufficient learning abilities and to the scope of 
the efforts on the part of the LAD staff to customize the-;r tactics to meet the 
needs of the individual children. Another indicator of the extent of individual 
ization of instruction is furnished by the fact that a total of 996 different 
phases were reported; a new phase was initiated whenever the charted data indi- 
cated that some procedural change would be required to generate furth^^r 
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improveir.ent. 

For ilio entire progi am, a total of 8:>,??0 toacirinc- iiintiius w.^re reported. 
The average rvrnbar of tcochi ng nnnutos por project, chen, is 253; the average 
number of teaching minutes per child in the propram is 1 ,373 wiiile the averacjc* 
number of teaching minutes per phai;o v;a5 86 {s.d.=95.n) . 

A Ridjcr conceptual parameter of the progr{>m v/as Valett's extensive list of 
learning abilities.' Although Valett's list includes 53 such abilities, behav- 
iors related to only 19 of these abilities were observed and recorded by the 
LAD staff. Table 1 sunmarizes the amount of activity that occurred on behalf of 
remediation within each of these 19 ability areas. The tote.l number of projects 



Insert Table 1 about here 

represented, 333, does not include 4 behavior modification projects, the targets 
of which are not readily classified under any of the listed learning abilities. 

Suniming the number of children served within each ability area across the 
ability areas yields a total of 116, implying that most children received 
assistance v/ith respect to more than one ability area. Table 2 shows that, in 



Insert Table 2 about here 



fact, 60% of the target population were judged to require assistance in two or 
more ability areas. These data suggest that the listed learning abilities are 
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not inijtunlly exclusive a1. the furiCtional levol; if a child displays an insuf- 
ficiency in 0112 of t!iG abiliric5, he? is likely to disi lt.y instjfficio'-cles in 
others as well. It rnny be of interest to future researchers to ?i:tc!;ir)<: d 
functional rydefinitlon of these ability areas in'terms of non-overlc-'ppinG 
behavior clusters . 

The ef recti ygr.Mss of the services provided by the LAD Program within each 
of the ability areas is suirniarized in Table 3. The charts ','ithip each ability 
area Mere, subdivided according to whether the aim of the project was to incresi; 
(accelerate) or decrease (decelerate) the behavior being recorded. The geo- 
metric means^ of the within-phase celeration values within each ability area 
by target grouping were computed. These values, together v/ith the total 
number of waeks for which each value is representative, are presented in 
Table 3. 



Insert Table 3 about here 



Since the geometric mean represents the average v/eekly ratio of behavior 
change, raising the average value to the power given by the numoer of v/eeks 
yields a ratio value equivalent to the average to tal behavior change achieved 
in each ability area-target grouping. Consider, for example, the ability "audi- 
tory sequencing." The geometric mean weekly acceleration in those projects where 
the aim was to accelerate the behavior '.as xl.6. Since this rate of increase 

^'\ppropri a Le measure of central tendency for logarithinic values. 
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(which may also be r(ii:d as CO/V./CGk) occurred for a total of 7.1 v/cnks, tho 
avgrgqc; total frequency chc-.ngr: is x2S.13.(l .6^-^) . Thus, wc could s=iy that 
if the aggregate of all tho bc'iaviors began at a farquoncy of 1 movejnent/inlnutG, 
by the end of the intervention, that aggrecnte behavinr v/as occurring at g fre- 
quency of 28.13 iiicvciR2nts/iiiinute. The roador snay maKe sirJlar interpretaticns 
concerning the other ability area-target coir.bi nations. ■ 

Perhaps the most interesting information to emerge from Tabie 3 is found on 
the bottom line. Across all children and all projects where the objective was 
tc increase the frequency of the recorded behavior, the averf:;e weekly celsr- 
ation was xl.2, meaning that, on the average, the program produced 20% per 
weej: improvement in all such charted behaviors. Similarly, where the objective 
was to decrease the frequency of the recorded behavior, the overall mean weekly 
celeration v/as n.3— the overall weekly reduction of these behaviors was, 
therefore, 23S. Assuming, for the sake of illustration, that in the absence of 
systematic intervention no change in these behavior frequencies would have been 
observed, we now have a useful approximation of the comoosite benefit which 
resulted frcm the implementation of this program. 

What of changes in accuracy cf the academic performances charted? We recall 
recall "ihat the measurement of accuracy requires the simultaneous charting of 
the frequencies with which a movement is performed both correctly and incorrectly 
on a given day. Sy forming the ratio of the celerations of these two sets of 
frequencies as they change over days, we produce, as the reader will recall, a 
measure known as the I mprovement index which, in essence, is the ratio describing 
the weekly rate of change in accuracy. 



■|9. 

Of the 337 projects on.niyzod froi:- tho first yc-ui of the procnvn, 334 i/orL- 
members of Bcojii^y^jurrsrrmir^ of prcgtct.s uhsre- corr-ct anc! incorrect frs- 
f|UGPcies are ciiarced simultaneously. In other words, a total of 162 riifforc-nt 
correct- Incorrect pairs '..ere rccordad. The iR'prove.T&r-t inde>: wrs ccnnutc-d for 
every phase within each of thcsci pairs of projects. Coiicclinn all of the 
improvement indices for each learning ability dnd con^nutinq their geor-stric 
mean yielded the results displayed in Table 4. Exaininstion of Table 4 reveals 



Insert Table 4 about here 



that the greatest weekly iinproveinent incccuracy was achieved in those projects 
falling in the ability category-'auditory sequencing.'' Reference to Table 3 
shows that the major source of this improvement in accuracy is to be found in the 
extremely rapid deceleration of errors (-:4.3); the acceleration of correct 
frequencies being only xl.6. Further examination of Table 4 suggests that the 
abilities of "body localization" and "word attack skills" yielded the least 
Improvement In accuracy. For "word attack skillsj' for example, no general 
decrease in incorrect frequencies was observed so all the improvement is con- 
tained in the xl.2 geometric mean weekly acceleration of correct frequencies. 
The reader may make similar interpretations concerning the ether ability areas 
for himself. 

Overall, the geometric mean of all improvement indices (taken across children 
and abilities) is xl.6. In other words, in those cases where accuracy was 



20. 



recorded, the average woekly incrcssr; in accuracy •.-•ir-; over 60 1 

Tho foregoing analyses should bo viewed not as cxhi-ustive, but o'i 
illustrative of the class of evaluative analyses wfiicii rfjsult from the niarriogo 
of the Standard BrJiav'or Chart and the high speed computer. For exaniDle, s 
complete analysis was perfornod usinr; teachers as the .pajo;' p:ira!nei-.Gr so that 
the efficiency and productivity of each teacher '..ork-.nq v.'ithin esch ability 
area was determined. These data are now guiding the Piret-.tor in dcploymeiit of 
his staff. 

Given sumniary data of this sort, it is a si.rple matter to take the final 
step of adding cost figures to f rrivo at cost benefit statements based on 
recorded changes in the behavior of the population served. For example, the 
reader will recall that a total of 2,058 child-project-weeks of data were 
accumulated during the first year. Dividing this number into the total ccst 
of the program and multiplying the result by the average number of projects 
conducted on each child yields an estimate of the cost of bringing the service 
of this program to om child for one week. Dun'ng that week, the average 
benefit obtained was a 20% Increase in the frequency of each acceleration tar- 
gat, and a 23% decrease in the frequency of each deceleration target, or, over- 
all, a 60% increase in accuracy. One may regard the cost of these benefits 
then, as being approximately equal to the cost of each child-project-week. 

We must quickly add that these calculations do not take into account the 
cost to the children, and ultimately to society, of withholding such benefits. 
Only when accurate data become available relating drop out rates, drug offenses, 
and delinquent acts in general to the presence of undetected and/or 



unreir.sdiatcd early deficiencies in key learning abilities wi'l 1! o za\p'\Qic 
picture of the beiiufits providsd by a procjrani such as tin'c beco!'>o hncun. In 
the moantiris, the potential contribution of continuous c.nc' direct ncnsurcxonL 
of behavior frequencies to an effective, hun-ano utid accountable cdiicational 
technoloay has, v/e believe, finally been realized. 



Figure Caption 



Basic Measures of Behavior and Behavior Change 
Furnished by the Standard Behavior Chart 
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Table 1 

SlhriARV or ACTiVITY WITHI'I EACH 
LFAR'liriG ABILITY S.^fiPLFD 



Learning Ability 


Num. of Project? 


Total . f'un. of 
1 each 1 no I'in. 


l!i!n;bpr r 
erent C! 


Throwing 


4 


40n 


2 


Body Localization 


c. 




i 


Balance* and Phvthrn 


1ft 
1 0 




Q 

y 


Di rec ti 0 Hf! 1 i tv 


c 
o 


1 /O'J 




Lateral i tv 


fi 
u 




Q 


Auditory Acuity 




/ cow 


Q 

O 


Auditory Decoding 


14 


3720 


6 


Auditory-Vocal Association 


2 


540 


1 


Auditnrv Mpmorv 


in 


1 1 y»n 


4 


Auditory Sequencing 


8 


21 


1 


Visual Acuity 


2 




1 


Visual-Form Discrimination 


.14 


3988 


6 


Visual Memory 


82 


311f5 


30 


Visual-Motor Fine Muscle 
Coordination 


65 


13360 


21 


Fluency and Encoding 


18 


3303 


2 


Word Attack Skills 


2 


600 


1 


Reading Comprehension 


1 


300 


1 


Number Concepts 


49 


9580 


14 


Social Maturity 


4 


190 


2 




333 


■ 85230 


116 




TabiG 2 



FREQUtHCirS or r.HII.DR!:!! SKRVED '..'l if! RCSPlCT 
TO DIFflRFJ,'! NDfbHRS Or l^limtS 



% Of 

Number of Abilvtiss Number of ChiTdran Total 



1 25 40 

2 26 ■ 4? 

3 '7 Tl 

4 4 7 



100 



erJc 



Tafalo 3 



GhOMETRIC Ml;/ 


\n I 




i.Y CFLf.l-.ATIC;;S FOR ACClL^,':/'TK ( 


A' Pi-ClLCrS 




AND DrCF:LFf;^Th (D) PROol 


:cis 


cr. 


O'JPfO ACCO:?Dii:G to IHE L?.ARiiINK 


ABiLiry £Af'Vl 


.rn 


Learni nq Abi 1 i t y l-lcck 1 v 


Col 




A Total 


err. lion 


Total 


Throwing 


xl 


.9 


4.3 


n.7 


/1. 3-^ 


Body Localization 




.0 


.4 


vii.n 




balance and Rhythn 


xl 


.3 


62.0 


n.2 


58.70 


Directionality 


xl 


.2 


8.6 


fl.8 


S.fO 


Laterality 


xl 


.2 


28.0 




28.00 


Auditory Acuity 


xl 


.3 


55.2 


fl.7 




Audnory Decoding 


xl 


.4 


27.2 


•:1.3 


27.20 


Auditory "Vocal Association 


xl 


.2 


4.1 


42.0 


A. 10 


Auditory r^emory 


xl 


.5 


12.8 


^1.8 


12.8f) 


Auditory Sequencing 


xl 


.6 


7.1 


^4.3 


7.10 


Visual Acuity 


xl 


.2 


4.4 


-:1.4 


4.41 


Visual-Form Discrimination 


xl 


.6 


25.9 


^1.8 


25.90 


Visual Memory 


xl 


.2 


322.4 


-:1.2 


317.20 


V 1 iua 1 Tiu I or rine t^usciG 












Coordination 


xl 


.1 


207.8 


41.8 


167.10 


Fluency and Encoding 


xl. 


4 


19.4 


41.3 


19.40 


Word Attack Skills 


xl. 


.2 


1.6 


xl.O 


l.CO 


Reading Comprehension 


xl. 


2 


9.3 






Number Concepts 


xl. 


1 


132.1 


41.2 


131. on 


Social Maturity 


xl. 


2 


19.4 


41.2 


19.40 


Grand Geometric Mean = 


xl. 


2 


Grand Geometric Mean = 


4l.3 
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Tabic* ^ 



EACH LE/^RNING A3IL1TV 



Learniiic. Ability Geonetric Mean 

Throwing x3,2 

Body Localization * xl • I 

Balance and Rhythm xl ,6 

Directionality x2.2 

Laterality xl,8 

Auditory Acuity x2,2 

Auditory Decoding xl.8 

Auditory- Vocal Association .(2,4 

Auditory Memory x2,7 

Auditory Sequencing x6,9 

Visual Acuity xl,7 

Visual-Fcrni Discrimination x2,9 

Visual Memory xl ,4 

Visual-Motor Fine Muscle Coordination x2,0 

Fluency and Encoding xl.8 

Word Attack Skills xK2 
Reading Comprehension 

Number Concepts xK3 

Social Maturity xK4 



Grand Geometric Mean 



xl.6 
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